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SUMMARY
Cricket paralysis virus, an insect picorna-like virus, caused a distinct c.p.e, in cultured Drosophila melanogaster cells, allowing the development of titration methods based on end-point dilution or plaque assay methods. The end-point dilution (TCDs0) method is more sensitive and economical than plaque assays and is easily scored. The data indicate a minimum infectivity]particle ratio of about I/2ooo.
Cricket paralysis virus (CrPV) replicates in cultured Drosophila melanogaster cells, producing infectious virus particles (Scotti, I976). However, estimates of biological activity have only been possible by injecting samples of serial dilutions of CrPV suspensions into insect larvae and determining an LDs0. This paper reports the development of biological assays of CrPV by TCD~o or plaque assay methods and compares the efficiency and advantages of these two methods.
Drosophila cells (Schneider's line I) were propagated in Schneider's complete medium (Schneider, x964) supplemented with 20% foetal calf serum. CrPV suspensions were prepared as described previously (Scotti, 1976) and filtered through a o.22 #m nitrocellulose filter (Millipore Corporation, Bedford, Mass.) before use. Virus dilutions were made in Schneider's medium containing 20 % foetal calf serum.
For TCDs0 titrations, plastic microtest plates (3034 Micro-Test tissue culture plates, Falcon Plastics, Oxnard, California) were seeded with cells by adding 5/zl from a logarithmic-phase culture, resuspended at a concentration of 5 × IOn cells/ml, and allowing them to attach. The wells were inoculated with 5 #1 of various serial dilutions of a virus suspension and the plates incubated at 27 °C in humid conditions. The plates were scored daily for 4 to 5 days.
Since Drosophila cells infected with CrPV show a distinct c.p.e. (compare Fig. I b, c), wells containing cells showing c.p.e, were readily scored as receiving at least one infectious particle. The TCD~o reached a maximum after 3 days; a suspension of CrPV with an extinction of I at 260 nm gave a TCDs0 of Io -9.3 or 2"5 x Io 9 infectious units/E2~o unit assuming a Poisson distribution where I TCDso would be equivalent to 0.69 infectious units. Assuming that I E~no unit represents about 5 x io TM picornavirus particles (Scotti, Gibbs & Wrigley, I976), this gives an infectivity to particle ratio of about I12ooo.
For the plaque assay, cells were seeded at near confluence into 35 mm plastic tissue culture dishes (Falcon Plastics, Oxnard, California) or standard 40 mm glass Petri dishes and allowed to attach. The medium was removed and Ioo #1 of diluted virus added and adsorbed at 27 °C for I h with occasional rocking of the dish to distribute the inoculum. Schneider's medium with 5 % foetal calf serum, containing 1.2 % methylcellulose (4 kilopoises; Dow Chemical Co., Midland, Michigan) was added (Hotchin, I955; Hink & Vail, I973) and the plates incubated at 27 °C for 40 to 48 h. The plates were chilled at 4 °C, the overlay removed, and the cells stained with o.oI % neutral red in phosphate buffered saline for 2 to 3 h at 27 °C. Although plaques were visible prior to staining, they were Short communications extremely difficult to count, but neutral red staining, sometimes followed by I o min overstain with o.oi % crystal violet in 2 % ethanol, provided adequate contrast between the plaques and the uninfected cells (Fig. I a) . Plaques varied in size from around I mm to 3"5 mm in diam. but were counted regardless of size. The average titre of a suspension of CrPV, with an extinction of I at 26o nm wavelength, and based on counts of plates having around 3o plaques, was 3"1 + I"3 x io 8 p.f.u. This gives a p.f.u./particle ratio of approx. 1/16ooo. The linearity of the dose response curve (Fig. 2) indicates that a single infectious particle is sufficient to initiate a plaque. However, a tenfold lower dilution does not result in a tenfold relative increase in the number of plaques.
Comparing the two methods, the TCD~0 assay is more sensitive than the plaque assay method as well as being more economical with respect to the number of cells required. While the plaque assay shows that one particle is sufficient to initiate a plaque (Fig. 2) , the relationship between dilution and plaque number is not I : I and this, as well as the lower sensitivity, indicates an inherent deficiency in the plaque assay method as reported here. Part of this deficiency may simply be due to the overlay system employed, or possibly because adsorption of CrPV is slow. The latter could be an explanation for the presence of small plaques. Another possibility for the origin of the small plaques could be that they result from lateral transmission. However, a large proportion of plaques originating by lateral transmission from pre-existing plaques should significantly increase the estimate of infectivity. In all experiments, however, the estimate of infectivity from plaque assays was lower than that from the end-point dilution method, so if lateral transmission was occurring, it did not contribute greatly to these estimates in contrast to the baculovirus plaque assay system studied by Knudson & Tinsley (I974) . Small plaques, no matter what their origin, could be significant in affecting the dose-relationship curve (Fig. 2) ; on plates containing numerous plaques, i.e. plates seeded from lower dilutions of virus, the small plaques could be 'lost' by overgrowth of larger plaques, whereas they might be scored on plates containing relatively fewer plaques.
These possibilities were not investigated further since the end-point dilution system already provided a reliable, sensitive and economical means of assaying for biological activity in CrPV suspensions. It is unlikely that the sensitivity of the plaque assay would be significantly improved by using an agar overlay system. Similar biological assays for other small RNA viruses of insects are presently under investigation.
